Introduction
This report continues the series of reports by the International Commission on Radiation Units and Measurements (lCRU) dealing with dosimetric problems in external beam therapy with high-energy photons. Report 23 (ICRU, 1973) dealt with the measurement of absorbed dose in a water phantom irradiated with a single photon beam; Report 24 (ICRU, 1976) dealt with the determination of absorbed dose in a patient irradiated with single and multiple photon beams; Report 29 (ICRU, 1978) gave recommendations for specification of target absorbed dose for reporting purposes. Since the publication of these reports, computers have assumed an increasingly important role in dosimetric and treatment-planning procedures in an increasing number of centers.
Computer applications were first developed to give faster and more accurate answers to dosimetric problems handled by manual methods. Soon however, computer techniques became so extensive and diversified, that they completely changed the approaches to the problems. In addition, it became possible to handle new problems which could not have been considered without the aid of computers.
Because of this, the ICRU considered it appropriate to produce a report on treatment planning and recording and documentation procedures in external beam therapy as they are now carried out using computers. It is recognized that, owing to the rapid evolution of computer technology, there is a risk that this report will be rapidly outdated; therefore, only the main concepts and basic methods are presented, some specific examples being included as illustrations.
Treatment planning, for purposes of this report, is considered to consist of a series of procedures as outlined in Figure 1 .1. These procedures begin after the clinical evaluation of the patient and the decision to use external beam therapy have been made. The relevant steps are as follows: 1 (1) Acquisition of relevant patient (anatomical) data;
(2) The definition of the target volume and the prescription of target absorbed dose (see ICRU Report 29, ICRU, 1978); (3) Selection of one or several provisional beam arrangements and the computation of their dose distributions. At this step, speed is important in order to facilitate a rapid comparison of different treatment plans; (4) Selection of the field arrangement for the best dose distribution; (5) Production of the selected plan in a form suitable for daily use; (6) Simulation of each of the selected components of the plan directly on the patient (e.g., by use of an x-ray simulator); (7) The first set-up at the therapy machine. At several steps of the treatment planning procedure there must be the possibility of feedback, that is, each previous step may have to be reconsidered if undesirable or unacceptable situations are encountered.
It is essential for treatment planning purposes to produce the dose-distribution throughout the target volume and relevant normal tissues as accurately and as completely as is reasonably achievable. To do this, two sets of data are needed: beam data and patient data. The former characterizes the radiation while the latter describes the patient in a form that can be combined with the beam data.
Acquisition of the beam data is the first step in the procedure. This implies measurements at the therapy machine, the number and type of which depend on the model used for beam representation and the algorithm used to combine this information with the patient data. Using this information, dose distributions are generated for each beam as needed and are combined and presented to the operator so that decisions as to the plan of treatment can be made by the clinician. The computer program should achieve a reasonable compromise between the validity of the dose distribution, the number of measurements required to produce the basic data and the time consumed by the calculation. Representation of photon beam data are dealt with in Section 2 in a general way. Appendix A lists some of the mathematical expressions that have been used with computers to provide numerical values for such data.
Specific problems related to electron beam therapy are dealt with in Section 3 and mathematical details are given in Appendix B.
Patient data include information on the external surface of the patient, the target volume, organs at risk and relevant tissue inhomogeneities. Methods for acquisition and presentation of this material are considered in Section 4. Recent developments in the field of imaging have greatly enhanced both the quality and quantity of relevant patient information that can be obtained. This is referred to only briefly as it is very much under development at the time of writing this report.
The patient cannot be assumed to be equivalent to a homogeneous phantom of simple shape and it is recognized that the external body surface and internal tissue inhomogeneities influence the shape of the distribution of absorbed dose. The combination of beam data and patient data with their respective coordinate systems calls for the establishment of an algorithm for coordinate transformation, relating the beam to the patient. Often several beams are combined and this Fig. 1.2 . Schematic representation of data flow within a department of radiotherapy. The boxes denote the different steps in the radiotherapy procedure, although not in strict chronological order. The horizontal bars indicate different channels of the logical network. A dot means that information exchange occurs with the respective box; either as input or output. The data flow in the two image channels is vastly greater than in the other channels. The box designated IMAGING symbolizes all types of image acquisition. (Modified from Lamm et al., 1984a.) raises the question of beam weighting and dose normalization. These items are addressed in Section 5.
Some practical aspects with regard to the input of patient data and beam data to the computer system, and the interactions needed to carry out the different steps are considered in Section 6. In addition, some discussion of optimization is given.
The use of computers can lead to situations where more information may be gathered than can be conveniently used. This raises the problem of choosing the relevant information, the presentation of which is discussed in Section 7.
Computers may be useful in assisting the set-up of patients at each individual treatment, either by automatically setting treatment machine parameters, or by checking the accuracy of manual adjustments of these parameters. These procedures and the recording of the data are discussed in Section 8.
An important part of this report is the recommendation on quality assurance of the computer system. This is given in Section 9.
This report is limited to discussion of externalbeam therapy with photons and electrons and does not include brachytherapy. Although the focus of attention is on high-energy radiation (above 1 MeV), the principles can be applied to a broad range of energies.
Computers also have a large field of application in record keeping. This application is not dealt with although some aspects, such as the selection of relevant information in the presentation and documentation of treatment plans, is discussed.
The general flow of information within a department of radiotherapy is illustrated in Figure 1 .2. This figure identifies the different types of data, and at which of the various steps in the entire procedure the data are either generated or utilized.
